We consider the fast algorithm for digital noncoherent processing of frequency-modulated and frequency-shift keyed radio signals. This algorithm requires carrying out the minimum simple arithmetic operations over the input signal period. We are also illustrating its possibilities concerning detecting the analog frequency-modulated signals and demodulating the binary frequency-shift keyed signals. We show that the presented demodulator provides the optimal signal processing and possesses the potential noise immunity. It can be implemented by means of digital signal processors, or with the use of modern programmable logic devices.
Introduction
Frequency-modulated (FM) and frequency-shift keyed (FSK) signals [1, 2] have found wide application in analog and digital signal transfer systems [3] [4] [5] , with analog and digital methods applied for their processing, accordingly [5] [6] [7] [8] . FM signal detectors are implemented by means of primary signals transformation into the amplitude-modulated or phase-modulated signals, or into the pulse signals by means of carrier tracking methods. For generation of such signals, the analog and digital frequency detection methods based on the detuned resonators [5, 8] can be also used. Digital frequency detectors include the narrow-band digital frequency filters requiring really great amounts of addition and multiplication. It does sufficiently sophisticate equipment needed and implies rather high performance of hardware components. In this context, the problem of designing highly efficient digital frequency demodulator (detector) is pressing. Below we are to present a frequency demodulator based on the fast algorithm for digital signal processing. This algorithm is demonstrated in [9] , and its hardware implementation is described in the patent [10] .
Signal Processing Algorithm
The input FM signal can be mathematically described as
where S is the amplitude,   z move to the substracter SUB, at the output of which the output FM demodulator signal is formed:
(1) Frequency responses of the first and second DADs are determined as The demodulator frequency response
is drawn in Fig. 2b . As it can be seen, if relation (2) holds, then the sensibly linear discrimination characteristic of the digital FM signal demodulator is realized.
While demodulating the binary FSK signals, the decision concerning the received symbol is made, in accordance with the response z sign at the SUB output.
Noise Features of the FM signal demodulator
Demodulator response z to the noise-free FM signal is equal to
. where S is the input FM signal amplitude, and f is the instantaneous frequency.
In the presence of Gaussian noise with the dispersion has the form [13] 
Then, for one-dimensional probability density of the random variable z, we can write down
According to [14] , the mean value z of the difference (1) is equal to the difference of mean values of terms. Therefore, finding accuracy quite sufficient practically, it is possible to assume
The dispersion 
where R is the correlation coefficient of responses 
 -from Eq. (8).
It is easy to see that for frequency deviation f  (2) the maximum value of the response of the FM signal detector is equal to NS Z m 2  . Then, output voltage signal-to-noise ratio g can be written down in the form of
Apparently, it is much greater than the input signal-to-noise ratio   4 Binary FM signal demodulator
The demodulator presented in Fig. 1 allows us to process the binary FSK signals which imply the transfer of binary symbols by duration T at frequencies 
Shift of frequencies 
and it corresponds to Eq. (2) . In this case the demodulator frequency response has the form presented in Fig. 2b .
The data transfer rate is determined as T V 1  . Then, if condition (9) , as follows from Eq. (10). In Fig. 4 the normalized results are presented of the statistical simulation of the binary CPFSK signal demodulator for
kHz. The modulating signal is drawn by the dashed line, and the decision making moments concerning clock synchronization pulses are shown by points. As it can be seen, the offered CPFSK signal demodulator extracts the received information symbols with the maximum efficiency. Smooth changes of the response are caused by the inherent frequency discrimination of the demodulator. In the presence of noise, the time diagram of the demodulator response is deformed, and there can be erroneous decisions made about the received symbol.
Noise immunity of the CPFSK signal demodulator
For CPFSK signal the amplitude of the demodulator response is equal to
, and its dispersion is . The probability density   z w s of the demodulator response z at synchronization moments and for the case of the signal reception against white noise is described by Rician distribution in the form of Fig. 5 . Dependence of the error probability upon the signal-to-noise ratio
Conclusion
The suggested fast digital algorithm for demodulation of frequency-modulated and frequency-shift keyed signals requires carrying out the minimum simple arithmetic operations over the input signal period and provides potential immunity to white noise. The algorithm can be implemented by means of digital signal processors, or with the use of modern programmable logic devices [16] .
